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INTRODUCTION
Commercial grade, scrap S-200 beryllium, made by powder metallurgy techniques, has been converted to vacuum-cast ingots and to rolled sheets. The Rocky Flats Metallography Laboratory group is responsible for providing representative metallography of such beryllium through the various stages of the process. A comparison of the chemistry of the powder-pressed scrap beryllium feed to that of the vacuum-cast ingot beryllium is shown in Table I. A search of the literature revealed a number of beryllium metallographic techniques for the preparation of the powder-pressed material.
1 ' 2 ' 3 Such work efforts were relied upon in developing the procedures given. Only one report is available on a technique developed for vacuum-cast ingot beryllium sheet. 4 The science of metallography, in part, is the study of microstructural characteristics of metals by the aid of a reflecting microscope. Little can be learned relative to the structure, unless the surface of the specimen is first prepared according to an explicit procedure.
In the preparation of vacuum-cast ingot beryllium rolled sheet specimens, the Metallography Laboratory experience has shown that specific methods are necessary. Beryllium specimen preparation is also a technical art and to carry out the specific procedures properly requires skill and dexterity on the part of a technician.
CUSSION AND RESULTS
• Two methods are described to resolve the grain structure of the vacuum-cast ingot beryllium rolled sheet.
Method A: • To be used where inclusions must be retained and for polarized light examination and photography of the microstructure.
Method B: An electrolytic swab-etch technique which will resolve the grain structure, such that bright-field illumination can be used for examination and photography. Inclusions are not retained, f
There are certain operations that are common to both Methods A and B. The operations of sectioning, mounting, and grinding are first discussed. Later, the specific Methods A and B are examined.
The essential factor leading to a metallographically prepared beryllium sample of high quality relates to the care exercised while preparing a surface for final polishing and etching. Much of the emphasis of the report is on illustrating the effects which improper preparation can have on the resulting microstructure. 
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For ease of handling and for edge retention 5 the sample should be mounted in a suitable potting material prior to grinding.
\ Grinding Procedure: The grinding procedure is tabuMated in Table II . I Precautions which mustbe taken during the grinding of the specimen are:
1. The grinding matrix under excessive pressure will form deep-seated scratches. These are difficult and sometimes impossible to remove in subsequent grinding and polishing steps. Excessive pressure will also promote the formation of a considerable amount of disturbed metal and the embedding of particles of the grinding media. It is difficult to give a numerical value to excessive pressure. An experienced technician can, however, give the contact pressure a "feel-value." Such a nebulous value comes only with experience.
2. The grinding media must be changed several times at each grit size used. A worn-grinding paper tends to smear the metal forming somewhat of a polished surface (Figures 3 and 4) . The surface deformation causes the furrow edges to fold over resulting in hidden furrows. Remnants of a scratch following improper grinding appears after polishing as a series of small cross-hatched acicular twins across several grains ( Figure 5 ). 3 Grinding papers must be fresh; change several times at each grit size.
■"After each grit size, etch for 10 seconds in a 10-percent sulfuric acid (H 2 S0 4 ) aqueous solution.
Clean the specimen thoroughly between each step.
" Buehler (Microcut) paper; Adolph I. Buehler, Inc., Evanston, Illinois.
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/METHOD A -The particulars for Method A are tabulated in Table IILJ Such a procedure will preserve inclusions for examination by bright-field illumination and will delineate the microstructure under polarized light. w%
For hand-polishing, the technician must use a firm pressure during the first third of each polish cycle. The pressure is thereafter decreased and only a light pressure used during the last third of the cycle. Figure 6 is an example of smeared metal caused by excessive polishing pressure. The polishing cloths, media, lubricant, time, and revolutions per minute (rpm), shown in Table III , are applicable for handpolishing.
After the polishing steps listed in the table are completed the vacuum-cast ingot beryllium sheet specimen is now ready for examination. Figures 7, 8, 9 , and 10 are typical of beryllium samples prepared by Method A. Figure 7 is a photomicrograph illustrating the excellent retention of small inclusions. Figure 8 shows how the procedure has resolved a relatively large agglomeration of different types of inclusions. Delineation of the grain structure by polarized illumination is shown in Figures 9 and 10 . There is no evidence of induced flowed metal or remnants of grinding scratches, and results are of the highest quality. 
METHOD B -f-The procedure involves an electrolytic swab-ettli technique for the delineation of the grain structure of vacuum-cast, ingot beryllium sheet by bright-field illumination. However, inclusion retention is poor.\ The polishing procedure preceding swabetching is the same as in Method A.I A hole is drilled through the rear of the potted sample for electrical contact, prior to grinding and polishing. Contact is made by tapping a brass screw into the hole or by a copper strip embedded into the hole with a low melting point alloy. The specimen then can readily be attached to the anode lead from the power supply. The swab-etch probe unit is shown in Figure 11 and in Figures 12(a) and (b) . The unit becomes the cathode in a normal electro-etching cell. Figure 13 shows the operational set-up.
I The electrolyte and swab-etching parameters used in ^ Method B are tabulated in Table IV .f The electrolyte is precooled by placing a beaker of the solution in an ice bath. The temperature should be\below 10°C before using. The anode lead from the power supply is attached to the specimen for electrical contact. A cotton swab is pressed over the stainless steel and of the cathode swab unit [Figure 12(b) ]. The swab is dipped into the cold electrolyte and the specimen surface swabbed with a light pressure using a circular motion. Contact time should be no longer than 30 seconds. At 25 volts, there is a temperature rise at the specimenswab interface which will cause a "burned" or stained surface. The specimen should be rinsed immediately in cold water to prevent pitting by the electrolyte. The cotton swab must be changed and again saturated with cold electrolyte.
The specimen is cleaned and dryed and the swabetching cycle repeated for an additional 30 seconds. The procedure is repeated until the desired resolution is obtained. Figure 14 is a photomicrograph of an area under polarized illumination. Figure 15 is one of the same area under bright-field illumination after swab-etching.
There is greater detail in the specimens etched by Method B than those prepared by Method A alone. r^hib--tÄg»$S;
